Objective: To study the association between C-reactive protein levels and insulin resistance in patients with spinal cord injury. Design: Cross-sectional study. Subjects: Forty-two subjects who had sustained spinal cord injuries at least 6 months before enrolment. Methods: Circulating glucose, insulin and C-reactive protein levels were measured after 12 hours' fasting. The homeostasis model insulin resistance index was used to evaluate insulin resistance. Insulin resistance and C-reactive protein levels were compared between complete/incomplete patients and between paraplegic/tetraplegic patients. The subjects were then divided into 3 groups (C-reactive protein levels < 1, 1-3, > 3 mg/l) to compare insulin resistance. Results: Eighteen (43%) subjects had C-reactive protein levels > 3 mg/l. The C-reactive protein levels and insulin resistance did not significantly differ between complete/incomplete or between paraplegic/tetraplegic subjects. However, insulin resistance in the high C-reactive protein group (> 3 mg/l) differed significantly from that of the other 2 groups, and there was a significant correlation between C-reactive protein and insulin resistance, with r = 0.7745. Conclusion: Most young and middle-aged patients with chronic spinal cord injury with high C-reactive protein levels also have high insulin resistance, and their C-reactive protein levels have well correlated with insulin resistance.
INtRoduCtIoN
As advances in medical management and rehabilitation technology increase the life-span of patients with spinal cord injury (SCI), the incidence of chronic disease in this population has also increased (1) . the prevalence of metabolic syndrome, non-insulin-dependent diabetes mellitus (NIddM) (2, 3) and coronary heart disease (CHd) (4) are reportedly higher in patients with SCI. As traumatic SCI usually occurs in young adults (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) years old), CHd and NIddM occur at younger ages in patients with SCI than in the ambulatory population (5) . Insulin resistance is known to be a major cause of metabolic syndrome and NIddM. Patients with carbohydrate metabolism disorders are predisposed to macrovascular system diseases, which are associated with mortality and further disability in chronic SCI (6) .
the aetiology of insulin resistance in SCI is unclear. the resistance may be related to increased adipose tissue (7) and lack of physical activity (8) . obesity is known to be more prevalent in patients with SCI than in the general population (9) . Recent, laboratory and experimental evidence indicates that subclinical inflammation plays a central role in cardiovascular complications linked to obesity and insulin resistance (10) (11) (12) . the inflammation marker C-reactive protein (CRP) is now known to be strongly associated with and independently predictive of CHd and NIddM (13, 14) . testing for CRP is inexpensive and simple and has been endorsed by the Centers for disease Control and Prevention (CdC) in the uSA as well as the American Heart Association (AHA) (15) . However, it is usually considered that CRP data should be used in conjunction with other well-known risk factors, such as cholesterol levels.
Respiratory and renal conditions are the most prevalent comorbidities in the SCI population, and they remain important causes of mortality. However, recent studies suggest that cardiovascular disease (CVd) is now the leading cause of mortality in chronic SCI (16) . therefore, a reliable and accurate tool for identifying the risk of NIddM, metabolic syndrome and CHd in patients with chronic SCI is vitally needed. However, it remains unclear whether CRP is useful for identifying the risk of developing insulin resistance, NIddM or cardiovascular disease in patients with SCI. therefore, the aims of this study are to assess insulin resistance and CRP in different levels and completeness of injury, to clarify the relationship between insulin resistance and CRP as well as the distribution of CRP levels in young and middle-aged SCI populations.
MetHodS

Subjects
Participants with SCI of more than 6 months duration caused by trauma episodes were recruited between April 2006 and September 2007 at our rehabilitation departments. Informed consent was obtained from all subjects. All subjects were assessed during their annual medical follow-up. data for medications and medical history were gathered by questionnaires and from medical records. exclusion criteria were: any symptomatic infection within the 4 weeks before enrolment, presence of NIddM or cardiovascular disease, current use of anti-hyperlipidaemic, anti-inflammatory or glucose-regulating drugs.
Measurement of CRP levels
Blood samples were taken after participants had fasted for 12 h. Lipid profile, CRP, plasma glucose and insulin values were also recorded. Plasma concentrations of glucose were determined by the glucose oxidase method. the CRP concentrations were measured by Behring nephelometry using an N Latex CRP mono reagent (Behring diagnostics, Marburg, Germany). CRP measurements were obtained only if the CRP level was < 10 mg/l, as values > 10 mg/l indicate an acute infection (17) .
Assessment of insulin resistance
Plasma insulin concentrations were measured by immunoradiometric assay (insulin-RIA bead II, Abbott, Japan). Insulin resistance was evaluated by the homeostasis model assessment insulin resistance index (HoMA-IR) calculated as fasting plasma insulin (μu/ml) × fasting plasma glucose (mmol/l)/22.5 (18) .
CRP risk categories
In accordance with Centers for disease Control (CdC) and the American Heart Association (AHA) recommendations (15), the subjects were categorized into the following 3 groups for comparison of HoMA-IR: group I (low risk) with CRP level < 1 mg/l, group II (medium risk) with CRP 1-3 mg/l and group III (high risk) with CRP > 3 mg/l.
Neurological examination examination of the completeness and level of injury were performed by physiatrists at the beginning of the rehabilitation period. Patients were classified according to the American Spinal Injury Association (ASIA) impairment scale (19) .
Statistical analysis
the statistical results were presented as number, percentage, mean and standard deviation (Sd). SPSS Version 12.0 (SPSS Inc, Chicago, IL, uSA) software was used for statistical analysis. Student's t-test was used for group comparisons. Linear regression analysis was performed to determine the relationship between CRP and HoMA-IR. Multiple group comparisons were performed using analysis of variance (ANoVA) with post-hoc analysis. A p-value of < 0.05 was considered statistically significant.
ReSuLtS
A total of 42 subjects (age range 23-50 years) with traumatic SCI were analysed. table I shows the demographic characteristics of the study population. two subjects had indwelling urinary catheters for neurogenic bladder dysfunction and 28 had intermittent urinary catheters. twenty-seven subjects had a history of smoking and 3 were current smokers.
The subjects were classified by ASIA impairment scale and injury level as complete/incomplete and paraplegic/tetraplegic SCI patient groups. the CRP and HoMA-IR did not significantly differ between complete/incomplete or between paraplegic/tetraplegic SCI patients (table II) .
As Fig. 1 shows, CRP correlated positively with insulin resistance (HoMA-IR) in the study population (r = 0.7745; p < 0.0001). there was a progressive increase in HoMA-IR medium values with higher CRP levels in the overall population and the largest increase in the subgroup with CRP levels > 3 mg/l, as shown in Fig. 2 .
Classification according to CDC/AHA-recommended CRP cut-off points revealed 8 (19%) subjects in group I, 16 (38%) in group II, and 18 (43%) in group III, as shown in table III. The HOMA-IR in group III was significantly (p < 0.0001) higher than that of groups I and II (table III) . Moreover, some subjects in that study had taken cholesterol-lowering, anti-inflammatory or glucose-regulating drugs. To control for possible confounding factors, the present study analysed only patients with traumatic SCI and excluded subjects who had taken drugs that might have affected CRP levels (17), as well as those with history of cardiovascular disease and diabetes. Furthermore, as traumatic SCI occurs primarily in young adults, and diagnoses of CHd and diabetes occur in SCI populations at younger ages than in the general population, this study analysed a population younger than that of other studies in order to evaluate the value of early screening. the analytical results revealed a positive correlation between CRP and insulin resistance. Inflammation may be associated with development of insulin resistance in patients with chronic SCI. obesity is more prevalent in SCI patients than in ablebodied subjects, and even non-obese SCI subjects have a higher than average fat content (9, 21) . Adipose tissue is now known to participate actively in regulating physiological and pathological processes, such as the secretion of adipokine, including cytokines (such as interleukin-6 (IL-6), tumour necrosis factor-alpha (tNF-α) and leptin), and is involved in the inflammation process (10) . The CRP is an acute phase protein synthesized in the liver by hepatocytes. Production of CRP is stimulated by pro-inflammatory cytokines, particularly IL-6 and tNF-α (22) . the release of adipokines by either adipocytes or adipose tissue-infiltrated macrophages causes chronic inflammation, which may play a central role in cardiovascular complications linked to obesity and insulin resistance, which are risk factor for diabetes and CHd (11) . In addition, recent data indicating that CRP within atheromatous plaque (23) is a correlate of endothelial dysfunction (24) and has a direct role in cell adhesion molecular expression (25) suggest that CRP may play a direct role in the atherosclerosis process. therefore, persistently elevated CRP may increase the risk of NIddM or CHd in patients with chronic SCI.
the CRP levels in almost half (43%) of the subjects exceeded 3 mg/l, and these subjects were significantly more resistant to insulin than those with CRP levels lower than 3 mg/l. Bo et al. (26) documented significantly higher median insulin and HoMA-IR values in healthy subjects (aged 45-64 years) with CRP levels > 3 mg/l. Ridker et al. (27) , in a cohort study of 22,000 middle-aged ambulatory males, demonstrated that those with baseline CRP levels in the highest quartile had a 2-fold and 3-fold increased risk of stroke and myocardial infarction, respectively. these effects were independent of all other lipid and non-lipid risk factors and were noted in both smokers and non-smokers. therefore, patients with SCI with CRP levels above 3 mg/l have a higher risk for cardiovascular disease than those with lower CRP levels and should be carefully monitored. Additionally, most of the patients with chronic SCI in the examined population (mean age 38.1 years, Sd 8.57) had high CRP. therefore, early screening and management of these modifiable risk factors are recommended to reduce cardiovascular disease in this population.
Groah et al. (28) have shown that risk of cardiovascular disease increases with rostral level of SCI and severity of SCI. Neither SCI level nor SCI severity were associated with CRP or insulin resistance in our population. Rebhun et al. (29) reported that CRP became elevated but below the levels normally manifested in acute and chronic SCI, which may be related to some underlying disease state rather than to a urinary tract infection or the injury itself. In our study, CRP was found to be positively correlated with insulin resistance. However, this cross-sectional study did not determine whether the correlation between CRP and insulin resistance is temporal. therefore, further studies of a larger population and with longer follow-up are needed in order to evaluate CRP as an indicator for indentifying patients with chronic SCI who are at risk of insulin resistance syndrome, diabetes and even cardiovascular disease.
In conclusion, most young and middle-aged patients with chronic SCI also have high CRP levels and high insulin resistance, and their CRP levels have well correlated with insulin resistance.
